An indium tin oxide/titanium oxide/[6,6]-phenyl C 61 butyric acid methyl ester: regioregular poly(3-hexylthiophene)/poly (3,4-ethylenedioxylenethiophene): poly(4-styrene sulfonic acid)/Au type organic solar cell (ITO/TiO x /PCBM:P3HT/PEDOT:PSS/Au) with 1 cm 2 active area, which is called "inverted type solar cell", was developed using an ITO/amorphous titanium oxide (TiO x ) electrode prepared by a sol-gel technique instead of the low functional electrode such as Al. The power conversion efficiency (η) of 2.47 % was obtained by irradiating AM 1.5G-100 mW cm -2 simulated sunlight. We found that a photoconduction of TiO x by irradiating UV light containing slightly into the simulated sunlight was required to drive this solar cell. The device durability in an ambient atmosphere was maintained for more than 20 h under continuous light irradiation. Further, when the air-stable device was covered by a glass plate with water getter sheet which was coated by an epoxy UV resin as sealing material, the durability was still higher and over 96 % of relative efficiency was observed even after continuous light irradiation for 120 h.
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Introduction
Much recent attention has been paid to organic solar cells as clean and safe energy source instead of the fossil fuel due to providing lower cost and environment-friendly energy conversion system [1] [2] [3] [4] [5] [6] . Organic thin film solar cells with power conversion efficiency (η) of 5 -6 % have been recently developed by several research groups [7] [8] [9] , and these results which showed a possibility toward the practical use of organic solar cells are encouraging other researchers in this field.
A few instances have been reported on the stability of the solar cells compared to on the improvement of the conversion efficiency [10] [11] [12] , although it is very important to increase the stability as well as the conversion efficiency. It is well known that the photodegradation of polymers and polymer/oxide composites, and the degradation at the ITO and the metal electrodes in organic thin film solar cells are caused by reactions with oxygen and water [13] .
An Al metal has been often used as the back electrode of the organic solar cells as shown in Figure 1a , which are termed "normal type solar cells", due to its low work function. The performance for the normal type solar cells with Al electrode degrades in an ambient atmosphere, perhaps because the Al was oxidized to insulator Al 2 O 3 at the Al/organic solid interface and the Al diffused into the active layer acted as a recombination site. Lee et al. have reported air-stable "normal type solar cells" with titanium oxide layer being inserted between P3HT:PCBM active layer and Al electrode, then the lifetime in air of the solar cells increased remarkably compared with that of the solar cells without the titanium oxide layer [14] .
Therefore, the development of the solar cells using non-corrosive electrode instead of the Al metal electrode such as so-called "inverted type solar cells" as shown in Figure 1b is expected as a promising approach from viewpoints of the durability improvement. Krebs reported that ITO/ZnO/ZnO:poly-(3-carboxydithiophene) (P3CT)/PEDOT:PSS/Ag inverted type solar cells without sealing maintained 80 % of the initial performance for continuous illumination for 100 h in an ambient atmosphere [15] . In our previous research, we have developed organic thin film solar cells using a non-corrosive Au metal as the back electrode, and an ITO/In or a transparent conducting oxide (TCO)/TiO 2 as the front electrode [16] [17] [18] [19] . We reported that the ITO/In/perylene tetracarboxylic derivative/poly(phenylenevinylene) derivative/PEDOT:PSS/Au two-layer type cell showed the power conversion efficiency of 1.9 % and its performance was about the same after irradiating for 1 h in an ambient atmosphere [20] . Thus, we have reported previously that an organic solar cell using a 
Preparations of TiO x precursors.
TiO x precursor solutions were prepared from titanium (IV) isopropoxide, which was mixed with a stabilizer of 2.45 equivalents for Ti source and heated under an N 2 atmosphere with the method described by Kim et al. [7] . Titanium (IV) isopropoxide (2.4 g, 8.44 mmol)
was slowly added to 2-methoxyethanol (12. isopropoxide and stabilizer.
Fabrications of organic thin film solar cells.
The ITO electrode was first ultrasonicated in 2-propanol, and then cleaned in boiling 2-propanol, and subsequently dried in air. In order to prepare a TiO x thin film acting as the electron collection layer, the precursor solution was spin-coated on ITO being accompanied by hydrolysis in an ambient atmosphere and by heat treatment at 150 o C for 1 h. Thereafter, a CB solution or DCT:CHL (1:1 weight ratio) cosolvent solution containing 25 g L -1 of P3HT and 20 g L -1 of PCBM was spin-coated onto the ITO/TiO x substrate, further a PEDOT:PSS aqueous dispersion solution was spin-coated onto its blend film. Finally, an Au metal as the back electrode was vacuum-deposited on the PEDOT:PSS solid film. The device was heated at 150 ○ C for an annealing treatment. The effective area of the solar cell was restricted to 1.0 cm 2 . If necessary, the device was covered by a glass plate with water getter sheet (Komatsu Seiren Co., Ltd.), which was coated by an epoxy UV resin as sealing material, in an N 2 filled glove box, the sealing treatment was finally completed by irradiating UV light to the epoxy resin.
Measurements.
In order to estimate the thickness of each layer in the device, a scanning electron microscopic (SEM) and an atomic force microscopic (AFM) data were recorded using a implemented in an ambient atmosphere using a Hokuto Denko HZ-5000 electrochemical analyzer. All measurements were carried out in an ambient atmosphere, that is, at room temperature of 15~30 ○ C and under relative humidity of 40~60 %.
Results and Discussion
Effect of TiO x layer
A cross-sectional SEM image of the ITO/TiO x /PCBM:P3HT/PEDOT:PSS/Au inverted type solar cell is shown in Figure 1c . The SEM image showed that the device was consisted of flatly laminated layers in nanometer-order. The thicknesses of the TiO x film, the blended film, the PEDOT:PSS film and the Au metal layer were ca. 30, 250, 80, and 200 nm, respectively.
These results were consistent with the thicknesses estimated by AFM measurement. Whereas, the performance of the cell with EA-TiO x layer showed J sc = 6.70 mA cm -2 , V oc = 0.56 V, FF = 0.55, and η = 2.06 %, see curve (a) in Figure 2 , the η value being 2.5 times higher than that without TiO x layer. This result suggests an improvement of the rectification of the device, because the TiO x layer acts as an electron collection layer and a hole blocking layer [8, 23] . Figure 3 shows the photo I-V curves of the solar cells with the various TiO x thin films, and the cell performance is summarized in Table 1 . When an EA-TiO x layer (curve (a) in 
Durability of TiO x layer inserted type solar cell
The durability test was carried out in an ambient atmosphere. The durability observation 
Preparations of elegant PCBM-P3HT blend film and long lifetime organic solar cell
In order to improve the energy conversion efficiency of the solar cells, we have attempted to prepare a PCBM:P3HT blend film with better morphology by both of solvent-choosing and drying treatment. Figure 6 shows Figure 9 . This durability improvement is due to preventing a photo-degradation of the PCBM:P3HT blend being promoted by the permeation of oxygen and moisture. Thus, highly durable organic solar cell was obtained by the combination of the relatively air-stable device and the sealing treatment.
We believe that the stability of our cell is extremely high, although we cannot compare easily the durability of organic solar cells since its evaluation method is not standardized.
Conclusions
The 
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